Introduction {#j_hukin-2019-0005_s_001}
============

Basketball is one of the most popular sports in the world. It is a team sport in which the final success of the team largely depends on the technical, motor, tactical, physiological and mental preparation of the team members ([@j_hukin-2019-0005_ref_009]; [@j_hukin-2019-0005_ref_010]; [@j_hukin-2019-0005_ref_012]; Mikołajec et al., 2012). One of the skills that is essential to a successful performance in basketball is the ability to execute effective movements with physical pressure from the opponent ([@j_hukin-2019-0005_ref_011]; [@j_hukin-2019-0005_ref_023]), which requires each player to display a high level of specific anthropometric indicators ([@j_hukin-2019-0005_ref_021]; [@j_hukin-2019-0005_ref_030]), general fitness ([@j_hukin-2019-0005_ref_007]; [@j_hukin-2019-0005_ref_019]) and physical capacity ([@j_hukin-2019-0005_ref_006]; [@j_hukin-2019-0005_ref_022]).

Basketball players cover a distance of 4.5 to 5 km during a 40‐min game while performing high‐intensity, dynamic, multidirectional movements, such as sprinting, dribbling, jumping, turning and screening ([@j_hukin-2019-0005_ref_005]; [@j_hukin-2019-0005_ref_027]). Due to the specific demands

of this sport, the key factors that will predict the efficiency of a team during a game include the recruitment and selection of players. An adequate anthropometric diagnosis is fundamental for ensuring the effective recruitment of basketball players. This diagnosis also indicates whether a player will be suitable for participating in elite‐ level competitions ([@j_hukin-2019-0005_ref_018]; [@j_hukin-2019-0005_ref_033]). The somatic features and body build profiles of successful basketball players help in predicting the results ([@j_hukin-2019-0005_ref_002]; [@j_hukin-2019-0005_ref_032]).

When assessing somatic structures and predicting the development of each somatic feature, one should consider that during puberty, rapid increases in body size and body mass as well as an improvement in physical fitness are observed, which are mainly caused by hormonal and maturational changes. However, the maturation process does not occur at the same chronological age (CA) for all individuals -- the range from the 10^th^ to the 90^th^ percentiles of ages at peak growth spans approximately 4.5 years ([@j_hukin-2019-0005_ref_039]). The number of years an individual is from their age at peak height velocity (YPHV) is a good indicator of maturity of boys aged between 12 and 16 years and can be calculated using their CA and simple anthropometric measurements ([@j_hukin-2019-0005_ref_029]). Biological maturation is significantly associated with the growth and functional capacity of adolescents, which is the reason it is possible for boys of the same age to show significant differences in performance ([@j_hukin-2019-0005_ref_024]).

Recently, researchers have become progressively interested in the anthropometric and morphological indicators and the body build profiles of both youth ([@j_hukin-2019-0005_ref_008]; [@j_hukin-2019-0005_ref_014]; Jakovljevic et al., 2011; [@j_hukin-2019-0005_ref_033]) and professional athletes ([@j_hukin-2019-0005_ref_032]; [@j_hukin-2019-0005_ref_040]). These researchers look for models of somatic traits that will likely improve players' competitiveness ([@j_hukin-2019-0005_ref_020]; [@j_hukin-2019-0005_ref_031]).

Measurements of individuals' linear dimensions, body diameters, body mass and skinfolds, which are considered the key components of a somatic build profile of an elite player, have been monitored ([@j_hukin-2019-0005_ref_040]). These measurements are critical in selecting players for each position on the court ([@j_hukin-2019-0005_ref_001]; Jakovljevic et al., 2011). Tall players with significant muscle mass and long limbs play as centers and are placed near the basket, and shorter players with lighter frames are preferred as guards and play mostly on the perimeter, away from the basket ([@j_hukin-2019-0005_ref_016], [@j_hukin-2019-0005_ref_034]; [@j_hukin-2019-0005_ref_035]). Therefore, somatic features constitute an important and reliable indicator of basketball players' performance ([@j_hukin-2019-0005_ref_007]).

It has been suggested that young basketball players who are tall and have a large body mass and long limbs can achieve a high performance level and participate in professional competitions when they are older. Moreover, at a professional level, these players have high on‐ court effectiveness ([@j_hukin-2019-0005_ref_038]). The body height, body mass and body composition of youth and professional basketball players are not the only variables to be considered in research. There are scientific reports that have analysed other specific variables ([@j_hukin-2019-0005_ref_013]; [@j_hukin-2019-0005_ref_032]), but these reports have not provided information on a wide spectrum of anthropometric features (e.g., dactylion III and tibial landmarks). Therefore, the aim of this study was to present a comprehensive view of the anthropometric characteristics and compare the body build profiles of basketball players from the Polish national youth basketball teams (U‐14, U‐15, U‐16, U‐18 and U‐20). The second objective was to determine whether there was a somatic characteristic of individuals who played specific positions that predisposed them to play those positions throughout all observed categories.

Methods {#j_hukin-2019-0005_s_002}
=======

The study evaluated 109 top Polish players from the men's national youth basketball teams. All players were of Polish ancestry and Caucasian race. The first group (*n* = 32) included basketball players from the U‐14 Poland national basketball team (age: 14.2 ± 0.2 years; training experience: 3.9 ± 1.3 years). The second group (*n* = 24) was composed of members of the U‐15 national team (age: 14.9 ± 0.2 years; training experience: 5.1 ± 1.3 years). The third group (*n* = 21) that participated in the research were members of the U‐16 team (age: 15.8 ± 0.3 years; training experience: 5.7 ± 1.2 years), another group consisted of members of the U‐18 team (*n* = 17; age: 17.7 ± 0.5 years; training experience: 8.4 ± 0.9 years), and the last group included members of the U‐20 team (*n* = 15; age: 19.6 ± 0.6 years; training experience: 9.2 ± 0.9 years).

All of the participants were informed about the aims, benefits and procedures of the research project, as well as the possibility to withdraw from the study at any moment without providing an explanation. The inclusion criterion was the written consent of each participant, and the exclusion criteria included contraindications for the basic anthropometric measurements. The study was approved by the Senate Research Ethics Committee of the Academy of Physical Education in Warsaw, Poland. The project was executed in accordance with the principles specified in the Declaration of Helsinki ([@j_hukin-2019-0005_ref_041]).

The main research method consisted of anthropometric measurements under standardised conditions. All measurements were taken at the first training camp at the beginning of the preparatory period of the European Championships. The measurements were taken by an anthropometry expert according to the standards proposed by the International Society for the Advancement of Kinanthropometry (ISAK) ([@j_hukin-2019-0005_ref_026]).

The somatotype was calculated according to the Heath‐Carter method ([@j_hukin-2019-0005_ref_003]) using the Somatotype 1.2.6 computer program (MER Goulding Software Development, Geeveston, Australia). Body mass and body fat (BF) percentages were determined with the bioelectrical impedance analysis (BIA) method using a Jawon Medical X‐SCAN PLUS 970 analyser (Seoul, South Korea). The following variables were recorded: age \[years\], basketball experience \[years\], body mass \[kg\], body height \[cm\], sitting height \[cm\], arm span \[cm\] and the distance to the suprasternale (sst), acromion (a), dactylion III (da III), tibiale (ti) and the symphysion (sy) anthropometric landmarks (0.1 cm, with the GPM Anthropometer, previous brand name Siber Hegner, Switzerland); additional measurements included chest depth, shoulder width, chest width, pelvic width, hip width, elbow breadth, knee breadth, wrist breadth, palm breadth, arm length, forearm length, palm length, lower leg length and foot length (cm, with the GPM Large and Small Spreading Calliper, Switzerland); circumferences of the following areas of the body were also recorded: relaxed arm, flexed arm, relaxed chest, chest at full inspiration/expiration, waist, hip, thigh and calf (cm, with Holtain's Anthropometric Tape, UK); and finally, skinfolds of the following areas of the body were also recorded: triceps, biceps, subscapular, pectoral, suprailiac, supraspinale, abdominal, kneecap and calf (mm, with the Harpenden Skinfold Calliper, British Indicators, West Sussex, UK).

The results of the length of the lower limb were obtained based on the measurements of the symphysion anthropometric landmark, and indirect measurements were used to obtain the measurements for the upper limbs (a‐da III), body trunk (sst‐sy) and thigh (sy‐ti). The following equation was used to assess the level of maturity of youth players: YPHV (years from age at peak height velocity) = ‐9.236 + 0.0002708 leg length and sitting height interaction -- 0.001663 age and leg length interaction + 0.007216 age and sitting height interaction + 0.02292 body mass divided by height, where R^2^ = 0.891 and SEE = 0.592 ([@j_hukin-2019-0005_ref_029]). Age at peak height velocity was then calculated as follows: CA (chronological age) -- YPHV.

Statistics {#j_hukin-2019-0005_s_002_s_001}
----------

Analysis of the quantitative data was based on the following indices: the arithmetic mean, standard deviation (*SD*), highest and lowest values in the set (max. and min., respectively), median and standard error of the mean (*SEM*).

The Shapiro‐Wilk test was applied to examine the distribution of the results. The conducted analysis confirmed the assumption of normality of the distribution. The data were tested for the equality of variances using the Leveneʹs test. For equal variances, the level of significance of the differences in each anthropometric characteristic between the U14, U15, U16, U17, and U18 national teams was evaluated using analysis of variance (ANOVA) and the *post hoc* Tukey test for unequal group sizes. Effect size was calculated as eta‐squared (η^2^) and \<0.10 indicated a small effect, 0.10 ‐ 0.40 indicated a medium effect, and \<0.40 indicated a large effect ([@j_hukin-2019-0005_ref_017]). Statistical significance of the differences was assumed when *p* \< 0.05.

The collected data of the anthropometric characteristics of the members of the national teams (from the U‐14 group to the U‐20 group) were also presented in the form of somatocharts and interactive scatter plots, which allowed each measured variable to be displayed with the covariance of calendar or biological age and grouped by position or age category ([https://onpecha.cz/basket/national.html)](http://https://onpecha.cz/basket/national.html) The one‐way ANCOVA with maturity offset as a covariate variable was used to estimate the differences between playing positions across all national team members. All of the calculations and analyses were performed using STATISTICA software (v.12, StatSoft, USA).

Results {#j_hukin-2019-0005_s_003}
=======

The characteristics of players from the national teams, including the distances to the anthropometric landmarks, are presented in [Table 1](#j_hukin-2019-0005_tab_001){ref-type="table"}. Analysis of differences in somatic features between the members of the Poland national teams conducted with the *post hoc* Tukey test revealed that the sitting height (*F =* 6.72, *p =* 0.002, η^2^ = 0.15) of U‐16 players was significantly greater than the sitting height of players from U‐14 and U‐15 national teams (by 4.4% and 3.6%, respectively). Players from the U‐16 national team also had larger body mass (*F =* 5.16, *p =* 0.027, η^2^ = 0.09) and distances to the suprasternale landmark (*F =* 6.07, *p =* 0.017, η^2^ = 0.11) (by 9.3% and 2.8%, respectively) than players from the U‐14 national team. On the other hand, lower BF values were observed in the U‐16 national team than in U‐14 (by 3%; *F =* 7.68, *p =* 0.008, η^2^ = 0.13) and U‐15 teams (by 3.9%; *F =* 14.69, *p =* 0.001, η^2^ = 0.26).

###### 

Characteristics of players from national teams, including distances to anthropometric landmarks.

  ----------------------------------------------------------------------------------------------------------------------------------------------
  Variables                       U‐14\               U‐15\                 U‐16\                        U‐18\               U‐20\
                                  (*n* = 32)          (*n* = 24)            (*n* = 21)                   (*n* = 17)          (*n* = 15)
  --------------------------- --- ------------------- --------------------- ---------------------------- ------------------- -------------------
                              a   14.2 ± 0.2          14.9 ± 0.2            15.8 ± 0.3                   17.7 ± 0.5          19.6 ± 0.6

  **Age \[years\]**           b   13.3--14.5          14.4--15.1            15.2--16.1                   16.5--18.3          18.5--20.3

                              c   14.3                14.9                  15.8                         17.8                19.8

                              a   3.9 ± 1.3           5.1 ± 1.3             5.7 ± 1.2                    8.4 ± 0.9           9.2 ± 0.9

  **Basketball**              b   1.0--7.5            2.5--7.0              3.5--8.2                     6.5--10.1           7.3--11.1

  **experience \[years\]**    c   3.9                 5.4                   5.7                          8.2                 9.1

                              a   186.6 ± 7.3         187.0 ± 9.1           190.8 ± 7.0                  193.9 ± 8.1         197.2 ± 6.4

  **Body height \[cm\]**      b   173.5--197.9        173.2--205.1          173.5--204.6                 182.1--212.0        186.7--207.6

                              c   186.3               189.3                 192.2                        191.9               198

                              a   73.3 ± 11.9 ^\#^    77.3 ± 11.3           80.1 ± 8.0 ^\#^              85.0 ± 12.4         93.0 ± 11.7

  **Body mass \[kg\]**        b   56.2--113.7         55.0--96.6            64.4--93.3                   70.9--118.9         76.3--119.2

                              c   72.3                77.5                  81.8                         81.5                88.2

                              a   16,5±4,5 ^\#\#^     17,4±3,9 **\^\^\^**   13,5±2,4 **\^\^\^ ^\#\#^**   12,1±3,7            13,1±4,1

  **Body fat \[%\]**          b   9,5‐29,3            10,2‐27,6             9,2‐19,0                     7,3‐20,7            8,7‐25,1

                              c   16,5                17,6                  13,5                         11,9                12,6

                              a   21,0±2,4            22,0±2,3              22,0±1,4                     22,5±1,6            23,8±2,1

  **BMI \[kg/m^2^\]**         b   17,7‐29,9           18,1‐26,9             19,0‐24,4                    20,7‐26,5           21,6‐29,2

                              c   20,7                21,8                  22,1                         22,1                23,8

                              a   191.3 ± 7.5         193.5 ± 10.9          195.8 ± 8.4                  197.9 ± 9.3         202.5 ± 8.7

  **Arm span \[cm\]**         b   178.0--205.4        175.0--216.0          175.7--209.4                 182.9--213.1        185.5--216.5

                              c   190.8               194.8                 194.9                        196.1               200.9

                              a   94.2 ± 4.6 ^\#\#^   94.9 ± 4.0 **\^**     98.3 ± 3.4 **^\#\#^ \^**     100.3 ± 4.4         101.5 ± 3.0

  **Sitting height \[cm\]**   b   82.8--100.7         87.3--101.4           92.8--103.4                  94.1--110.1         98.2--108.0

                              c   94.7                95.0                  98.8                         100.0               101.2

  **Distance to the sst**     a   152.6 ± 6.2 ^\#^    153.6 ± 8.1           156.9 ± 6.1^\#^              158.5 ± 7.4         161.8 ± 6.1

  **(suprasternale)**         b   139.9--162.0        140.5--168.2          141.6--169.0                 148.2--173.3        153.1--173.5

  **landmark \[cm\]**         c   152.7               155.1                 157.1                        157.3               162.4

  **Distance to the a**       a   154.5 ± 6.2         154.5 ± 8.5           158.0 ± 5.9                  159.9 ± 7.6         164.1 ± 6.4

  **(acromion)**              b   142.6--165.9        140.8--172.0          142.5--170.0                 150--174.4          154.9--176.4

  **landmark \[cm\]**         c   153.9               155.2                 157.7                        158.5               164.4

  **Distance to the da**      a   71.0 ± 3.7          70.5 ± 4.1            72.4 ± 3.4                   72.9 ± 3.9 **†**    75.9 ± 2.8 **†**

  **III (dactylion III)**     b   62.7--77.1          64.7--80.6            66.6--80.0                   67.2--80.5          71.0--80.0

  **landmark \[cm\]**         c   71.5                69.7                  73.0                         71.5                75.6

  **Distance to the ti**      a   52.0 ± 2.3          52.7 ± 3.5            53.7 ± 3.3                   51.5 ± 2.7 **††**   54.3 ± 2.4 **††**

  **(tibiale) landmark**      b   46.7--56.1          47.5--63.2            47.5--60.2                   47.6--56.0          50.1--57.9

  **\[cm\]**                  c   51.5                52.6                  53.5                         51.5                54.2
  ----------------------------------------------------------------------------------------------------------------------------------------------

*Notes*:

a -- mean ± SD; b-- range; c-- median

Significant differences between the U‐14 and U‐16 teams: **^\#^ p \< 0.05, ^\#\#^ p \< 0.01**

Significant differences between the U‐15 and U‐16 teams: **\^ p \< 0.05, \^\^\^ p \< 0.001**

Significant differences between the U‐18 and U‐20 teams: **† p \< 0.05, †† p \< 0.01**

In addition, a significantly lower percentage of the endomorphic component (by 19.5%; *F =* 7.73, *p =* 0.008, η^2^ = 0.15) was noted in U‐16 basketball players than in U‐15 players ([Figure 1](#j_hukin-2019-0005_fig_001){ref-type="fig"}). The mean somatotype of basketball players was 2.54--3.85--3.82 (values for endomorphy 2.54 ± 0.82, mesomorphy 3.85 ± 1.03 and ectomorphy 3.82 ± 1.0). The largest diversity was observed in endomorphy (ranging from 1.37 to 5.84), mesomorphy (ranging from 1.11 to 7.32) and ectomorphy (ranging from 0.81 to 6.88).

![Somatochart of the whole sample population and each national team member.\
Significant differences between the U‐15 and U‐16 teams (endomorphy component): **\* p \< 0.05**](hukin-69-109-g001){#j_hukin-2019-0005_fig_001}

The analysis of differences in the distance to the tibiale landmark between basketball players from U‐20 and U‐18 teams ([Table 1](#j_hukin-2019-0005_tab_001){ref-type="table"}) showed significantly (*F =* 9.59, *p =* 0.004, η^2^ = 0.24) higher values in the U‐20 team (by 5.4%). Likewise, the distance to the dactylion III landmark was longer by 4.1% (*F =* 6.06, *p =* 0.020, η^2^ = 0.17) in U‐20 players than in U‐18 players.

The analysis of results concerning the width and breadth characteristics ([Table 2](#j_hukin-2019-0005_tab_002){ref-type="table"}) showed that the members of the U‐16 team displayed significantly greater values for the shoulder width (by 5%, *F =* 6.17, *p =* 0.003, η^2^ = 0.14), chest width (by 5.2%, *F =* 4.21, *p =* 0.018, η^2^ = 0.10), hip width (by 4.6%, *F =* 3.90, *p =* 0.024, η^2^ = 0.10), wrist breadth (by 3.5%, *F =* 4.21, *p =* 0.018, η^2^ = 0.10) and chest depth (by 7.6%, *F =* 4.38, *p =* 0.016, η^2^ = 0.11) compared to the members of the U‐14 national team. In comparison to U‐15 players, basketball players from the U‐16 national team also had broader shoulders (3.2%). However, players from the U‐15 team had broader chests (by 3.8%) and elbows (by 2.7%, *F =* 4.32, *p =* 0.042, η^2^ = 0.07) compared to players from the U‐14 team. Furthermore, the chest widths of U‐20 team members were wider compared to those of U‐18 team members (by 4.9%, *F =* 5.60, *p =* 0.025, η^2^ = 0.16). There were no statistically significant differences in other characteristics of athletes when comparing the two national teams with the oldest age groups.

###### 

Body widths and depths of the players in each age category considered in the study.

  -------------------------------------------------------------------------------------------------------------------------------------------
  Variables                       U‐14\                  U‐15\               U‐16\                      U‐18\              U‐20\
                                  (*n* = 32)             (*n* = 24)          (*n* = 21)                 (*n* = 17)         (*n* = 15)
  --------------------------- --- ---------------------- ------------------- -------------------------- ------------------ ------------------
                              a   39.9 ± 2.0 ^\#\#^      40.6 ± 2.4 **\^**   41.9 ± 1.7 **^\#\#^ \^**   42.3 ± 1.7         43.3 ± 2.0

  **Shoulder width \[cm\]**   b   35.0--43.1             37.0--45.0          38.7--44.1                 39.3--46.0         38.5--45.6

                              c   40.3                   40.7                42.0                       42.0               43.7

                              a   28.6 ± 1.7 \* ^\#\#^   29.7 ± 2.1 \*       30.1 ± 1.8 ^\#\#^          30.3 ± 1.5 **†**   31.8 ± 2.2 **†**

  **Chest width \[cm\]**      b   25.5--32.6             24.3--33.0          26.7--34.0                 28.0--33.5         28.0--34.5

                              c   28.5                   30.3                30.1                       30.0               33.0

                              a   19.6 ± 1.8 \#          20.1 ± 2.1          21.1 ± 1.4 \#              20.9 ± 2.3         21.3 ± 1.7

  **Chest depth \[cm\]**      b   16.6--25.1             16.8--25.0          18.1--23.7                 18.5--27.0         19.2--25.4

                              c   19.2                   19.8                21.4                       20.5               20.7

                              a   29.4 ± 2.2             29.7 ± 2.0          29.2 ± 1.6                 30.4 ± 2.1         30.7 ± 1.6

  **Pelvic width \[cm\]**     b   26.0--36.0             24.5--33.5          26.0--31.8                 26.4--33.8         28.5--33.5

                              c   29.0                   30.3                29.2                       30.5               30.4

                              a   32.5 ± 2.1 \#          33.4 ± 2.0          34.0 ± 1.4 \#              33.8 ± 1.7         34.6 ± 2.2

  **Hip width \[cm\]**        b   28.5--37.8             29.5--37.0          29.7--35.5                 31.5--37.0         30.0--38.4

                              c   32.6                   33.7                34.2                       34.0               35

                              a   7.5 ± 0.5 \*           7.7 ± 0.4 \*        7.6 ± 0.4                  7.7 ± 0.6          7.8 ± 0.6

  **Elbow breadth \[cm\]**    b   6.5--8.6               7.0--8.5            6.5--8.3                   6.8--8.9           7.0--8.9

                              c   7.5                    7.7                 7.7                        7.7                7.7

                              a   9.9 ± 0.6              10.0 ± 0.5          9.9 ± 0.5                  10.1 ± 0.6         10.1 ± 0.6

  **Knee breadth \[cm\]**     b   8.5--12.0              8.9--10.8           8.5--11.0                  8.8--11.1          9.1--11.2

                              c   9.8                    10.1                10.0                       10.0               9.9

                              a   5.7 ± 0.3 \#           5.9 ± 0.3           5.9 ± 0.3 \#               5.8 ± 0.4          5.9 ± 0.3

  **Wrist breadth \[cm\]**    b   5.2--6.5               5.3--6.4            5.5--6.6                   5.3--6.5           5.5--6.8

                              c   5.7                    5.8                 6.0                        5.7                5.8

                              a   10.2 ± 0.5             10.3 ± 0.5          10.5 ± 0.6                 10.8 ± 0.4         10.8 ± 0.5

  **Palm breadth \[cm\]**     b   9.2--11.5              9.5--11.5           9.0--11.5                  10.3--11.5         10.3--11.7

                              c   10.3                   10.4                10.5                       10.8               10.7
  -------------------------------------------------------------------------------------------------------------------------------------------

*Notes*:

a -- mean ± SD; b-- range; c-- median

Significant differences between the U‐14 and U‐15 teams: **\* p \< 0.05**

Significant differences between the U‐14 and U‐16 teams: **^\#^ p \< 0.05, ^\#\#^ p \< 0.01**

Significant differences between the U‐15 and U‐16 teams: **\^ p \< 0.05**

Significant differences between the U‐18 and U‐20 teams: **† p \< 0.05**

Similar results were observed in the differences in body circumferences ([Table 3](#j_hukin-2019-0005_tab_003){ref-type="table"}); basketball players from the U‐16 team had longer flexed arm circumferences (by 6.8%, *F =* 6.18, *p =* 0.003, η^2^ = 0.14), thigh circumferences (by 8.1%, *F =* 7.60, *p =* 0.001, η^2^ = 0.17), relaxed arm circumferences (by 6%, *F =* 4.23, *p =* 0.018, η^2^ = 0.10), chest circumferences at full inspiration (by 4.7%, *F =* 4.25, *p =* 0.018, η^2^ = 0.10), relaxed chest circumferences (by 4.7%, *F =* 3.46, *p =* 0.037, η^2^ = 0.09), chest circumferences at full expiration (by 4%, *F =* 5.43, *p =* 0.024, η^2^ = 0.10), waist circumferences (by 3.9%, *F =* 4.36, *p =* 0.042, η^2^ = 0.08) and hip circumferences (by 3.8%, *F =* 5.12, *p =* 0.028, η^2^ = 0.09) than players from the U‐14 team. Additionally, in comparison with players from the U‐15 team, players from the U‐16 team had significantly longer thigh circumferences (by 5.6%).

###### 

Circumference values of players in each age category of the Polish national basketball teams.

  Variables                            U‐14                  U‐15          U‐16                U‐18                U‐20
  -------------------------------- --- --------------------- ------------- ------------------- ------------------- -------------------
                                   a   26.5 ± 2.1 ^\#\#^     27.4 ± 2.2    28.1 ± 1.6 ^\#\#^   29.9 ± 1.7          32.0 ± 2.2
                                                                                               **†††**             **†††**
  **Relaxed arm**                                                                                                  
  **circumference \[cm\]**         b   23.5--32.1            23--30.8      25.4--30.7          28.0--34.0          29.0--36.5
                                   c   26.1                  27.1          28.4                29.0                32.0
                                   a   29.3 ± 2.4 ^\#\#\#^   30.2 ± 2.0    31.3 ± 1.6          33.2 ± 1.9          35.9 ± 2.2
                                                                           \#\#\#              **†††**             **†††**
  **Flexed arm**                                                                                                   
  **circumference \[cm\]**         b   25.3--35.0            27.5--33.5    29.0--33.6          31.3--37.0          32.5--39.6
                                   c   29.3                  30.0          31.5                32.4                35.7
                                   a   84.3 ± 6.2 ^\#^       86.0 ± 5.7    88.3 ± 4.0 ^\#^     87.8 ± 5.0 **††**   93.3 ± 5.4 **††**
  **Chest circumference \[cm\]**   b   74.5--107.0           75.5--95.0    81.5--94.5          82.0--102.5         83.4--105.0
                                   c   83.5                  85.3          89.0                86.5                92.2
  **Chest circumference**          a   89.7 ± 5.6 ^\#\#^     91.8 ± 5.2    93.9 ± 4.0 ^\#\#^   94.1 ± 4.6 **†**    98.0 ± 5.4 **†**
  **at full inspiration**          b   80.5--109.2           80.5--99.8    86.8--100.0         88.5--107.0         86.0--108.1
  **\[cm\]**                       c   89.8                  92.5          94.2                92.7                98.0
  **Chest circumference**          a   82.6 ± 5.9 ^\#^       84.2 ± 5.5    85.9 ± 3.6 ^\#^     86.5 ± 5.0 **†**    91.1 ± 5.1 **†**
  **at full expiration**           b   73.8--103.5           73.7--91.8    77.2--91.0          81.0--101.0         81.5--103.1
  **\[cm\]**                       c   81.5                  84.4          85.0                84.9                90.4
                                   a   75.1 ± 5.7 ^\#^       77.1 ± 4.9    78.0 ± 3.6 ^\#^     79.4 ± 5.0 **†**    83.5 ± 5.6 **†**
  **Waist circumference \[cm\]**   b   66.0--96.2            66.0--86.0    71.1--83.0          74.5--93.5          74.7--98.7
                                   c   74.5                  77.8          78.5                78.0                84.0
                                   a   93.9 ± 6.5 ^\#^       95.4 ± 6.0    97.5 ± 3.9 ^\#^     99.7 ± 4.8 **†**    103.7 ± 5.5 **†**
  **Hip circumference \[cm\]**     b   83.7--113.0           84.0--106.5   88.0--103.5         94.0--110.0         97.3--114.7
                                   c   94                    95.3          97.0                99.0                102.0
                                       53.1 ± 4.3 ^\#\#\#^   56.1 ± 4.9    57.4 ± 2.7                              
                                   a   \*\*                  \*\*          \#\#\#              58.8 ± 3.7          60.5 ± 3.9
  **Thigh**                                                                                                        
  **circumference \[cm\]**         b   45.0--68.3            48.0--66.5    53.5--62.5          53.5--67.5          53.0--67.3
                                   c   52.4                  57.0          58.5                58.6                60.4
                                   a   37.2 ± 2.7            37.7 ± 2.9    37.9 ± 2.0          38.7 ± 2.8          39.9 ± 2.2
  **Calf circumference \[cm\]**    b   33.8--47.0            32.5--43.5    33.0--40.6          33.0--44.5          37.3--45.0
                                   c   36.9                  38.2          38.4                39.0                39.2

*Notes*:

a -- mean ± SD; b-- range; c-- median

Significant differences between the U‐14 and U‐15 teams: **\*\* p \< 0.01**

Significant differences between the U‐14 and U‐16 teams: **^\#^ p \< 0.05, ^\#\#^ p \< 0.01, ^\#\#\#^ p \< 0.001**

Significant differences between the U‐18 and U‐20 teams: **† p \< 0.05, †† p \< 0.01, ††† p \< 0.001**

On the other hand, when compared to players from the U‐18 team, the members of the U‐20 national team showed longer relaxed arm circumferences (by 7%, *F =* 12.25, *p =* 0.001, η^2^ = 0.29), flexed arm circumferences (by 8.1%, *F =* 13.41, *p =* 0.001, η^2^ = 0.31), relaxed chest circumferences (by 6.2%, *F =* 8.98, *p =* 0.005, η^2^ = 0.23), chest circumferences at full inspiration/expiration, waist circumferences and hip circumferences (ranging from 4 to 6%, *p* \< 0.05).

Analysis of the subcutaneous fat results showed significantly thicker calf skinfolds (by 33.7%, *F =* 4.77, *p =* 0.011, η^2^ = 0.11) and subscapular skinfolds (by 14.3%, *F =* 3.34, *p =* 0.040, η^2^ = 0.08) of the U‐15 team compared to the U‐14 team ([Figure 2](#j_hukin-2019-0005_fig_002){ref-type="fig"}). Moreover, in the study, thinner triceps skinfolds (by 27.2%, *F =* 4.92, *p =* 0.009, η^2^ = 0.12), pectoral skinfolds (by 28.8%, *F =* 7.45, *p =* 0.009, η^2^ = 0.15), suprailiac skinfolds (by 32.2%, *F =* 4.80, *p =* 0.034, η^2^ = 0.10), abdominal skinfolds (by 36.8%, *F =* 6.64, *p =* 0.013, η^2^ = 0.13) and calf skinfolds (28.9%) were observed in the U‐ 15 team compared to the U‐16 team. On the other hand, no significant differences were observed between the U‐18 and U‐20 teams.

![Differences in subcutaneous fat by age category.\
Mean value ± SEM\
Significant differences between the U‐14 and U‐15 teams: **\* p \< 0.05, \*\* p \< 0.01**\
Significant differences between the U‐15 and U‐16 teams: **\^ p \< 0.05, \^\^ p \< 0.01**](hukin-69-109-g002){#j_hukin-2019-0005_fig_002}

The body build profiles of all basketball players from the U‐14 to U‐18 national teams that were developed by means of standardisation to the group of U‐20 players are presented in [Table 3](#j_hukin-2019-0005_tab_003){ref-type="table"}. The profiles show that most significant differences in the characteristics of body build among young national team members, compared to the oldest players, were in the following variables: flexed arm circumference (from ‐1.23 to ‐3.00 *SD*), relaxed arm circumference (from ‐0.95 to ‐2.50 *SD*), thigh circumference (from ‐0.44 to ‐ 1.90 *SD*), shoulder width (from ‐0.50 to ‐1.70 *SD*), body mass (from ‐0.68 to ‐1.68 *SD*) and body height (from ‐0.52 to ‐1.66 *SD*); these differences reflect the stockiness of the body build of players in the U‐20 category.

The one‐way ANCOVA analyses with maturity offset as a covariate variable showed that body height (F~5,\ 108~ = 146, *p* \< 0.001, R^2^ = 0.87) and the arm spam (F~5,\ 108~ = 146, *p* \< 0.001, R^2^ = 0.75) differed between playing positions throughout all age categories ([Table 4](#j_hukin-2019-0005_tab_004){ref-type="table"}); the measurements of centers were greater than those of forwards and guards, and the measurements of forwards were greater than those of guards.

###### 

Anthropometric differences by playing position.

  Position         Stature    Arm span               
  ---------------- ---------- ----------- ---------- -----------
  Point guard      182.8 \*   181 ‐ 183   186.8 \*   185 ‐ 189
  Shooting guard   187.4 \*   186 ‐ 188   192.2 \*   190 ‐ 194
  forward Small    191.4 \*   190 ‐ 193   196.7 \*   195 ‐ 199
  forward Power    194.8 \*   193 ‐ 196   201.7 \*   199 ‐ 204
  Center           199.4 \*   198 ‐ 200   204.5 \*   202 ‐ 207

\*Different from all other positions by post hoc test, CI = confidence interval

Discussion {#j_hukin-2019-0005_s_004}
==========

[@j_hukin-2019-0005_ref_038] found that age‐ related physical development resulting in changes in body build (increases in body height, body mass and length of individual body parts) is critical to the selection and recruitment of basketball players for older age categories and is one of the factors that determines an individual's highest possible skill level in basketball, a sport that prefers tall and heavy players with a strong body build. This observation was consistent with the findings of our study. Our study provides clear evidence that the positions listed in descending order according to players' body height and arm span are centers, forwards and guards.

Contemporary demands of basketball require centers and forwards to be tall and have long arm spans, which are particularly useful characteristics when individuals maintain contact with the opponent, retrieve both offensive and defensive rebounds, block the ball, and screen the defenders. For guards, a large arm span can be beneficial when the player deflects and steals the ball, and when the player is on the offense, it can be beneficial when the player changes directions with the ball and can improve the quality of his or her passes.

Another factor that supports adequate recruitment of basketball players or the selection of the appropriate on‐court position, is the BMI ([@j_hukin-2019-0005_ref_040]). Research conducted on Spanish basketball players revealed a greater BMI in older players when compared to younger players, which is consistent with our findings (from 21.0 in the U‐14 team to 23.8 in the U‐20 team). This increase in the BMI is due to the ongoing growth process in young players and building of muscle mass in older players ([@j_hukin-2019-0005_ref_035]; [@j_hukin-2019-0005_ref_040]).

Late‐maturing individuals should be sought in the selection process, as these individuals obtain maximum lengths of body variables and appropriate ratios of body tissue components for individual playing positions at the very last stages of youth training. It is therefore important to avoid the common practice in which coaches, at the initial stages of training, focus on the development of early‐maturing players to achieve the best possible sports results as quickly as possible. The consequence of using such an approach is early specialisation in positions, which may lead to restrictions in the development of technical and tactical skills of the player in the later stages of training.

This is especially true for players in the center or power forward positions, where long measurements and an appropriate ratio of tissue components are required. There are situations where young players are chosen too early to play in positions that they do not have a chance to play in when they are older during professional competitions. Therefore, it is advisable to ensure comprehensive training for players, and the selection for each position should take place after their growth has ended.

A comprehensive analysis of the anthropometric characteristics and body build profiles of players of youth basketball teams showed differences between players from the younger teams (U‐14, U‐15 and U‐16) and players from the older teams (U‐18 and U‐20); length, width and circumference measurements and body masses ranged from 3.6 to 9.3%, and subcutaneous fat measured through skinfold thickness tests ranged from 14.3 to 33.7%. The somatic feature measurements increased linearly with age. When these measurements were compared to the results obtained for players from other national teams ([@j_hukin-2019-0005_ref_019]; [@j_hukin-2019-0005_ref_037]; [@j_hukin-2019-0005_ref_040]) and professional teams ([@j_hukin-2019-0005_ref_015]; [@j_hukin-2019-0005_ref_033];), no significant differences were found in the levels of basic body height and mass characteristics of players from the U‐14 and U‐15 teams. A similar body height was noted in players from the U‐14 and U‐15 teams in comparison to their peers from Serbia and Spain (with differences of 0.3%, +0.6 cm and 0.5%, ‐0.9 cm, respectively). Similar relationships were observed in U‐20 teams from Poland and from Spain (0.2%, ‐0.4 cm). Conversely, the study observed differences in body height of players from the U‐ 16 and U‐18 Poland national teams in comparison with the height of U‐16 players from Great Britain (4.4%, +8.6 cm) and Portugal (1.6%, ‐3.2 cm) and U‐18 players from Spain (2.5%, ‐5 cm).

This may result from an inappropriate recruitment and selection process, i.e., an incorrect prediction of adult body height. In the first two age categories (U14 and U15), Polish players do not stand out in terms of the basic anthropometric features from their peers from countries in which coaching is considered at the highest level, but an inhibition of individual development is observed in U16‐U18 categories at the level that does not predict success in basketball. Due to incorrect body height predictions, sports performance is also at a low level. Aptitudes for practising other sports (with a simultaneous decision to change the sport) are also observed. Furthermore, new players appear in the youth national team with the oldest players (U20), and after the process of growth, these players have aptitudes in terms of basic anthropometric features, but they were not included at the early stages of the selection process.

A comparison of body mass between the Polish and Serbian players revealed that measurements obtained for players from the U‐14 Poland national team were greater by 6.7% ([@j_hukin-2019-0005_ref_019]). Similarly, for the U‐15 category, body mass measurements of Polish players were greater than those of Spanish players (with values higher by 5.7%), and for the U‐16 age category, body mass measurements of Polish players were greater than those of Portuguese players (with values higher by 3.1%) and British players (with values higher by 6.8%) ([@j_hukin-2019-0005_ref_015]; [@j_hukin-2019-0005_ref_033]; [@j_hukin-2019-0005_ref_037]). On the other hand, body mass measurements of U‐18 Polish basketball players were lower than those of players from Spain by 9.7%, but this measurement was similar among U‐ 20 players ([@j_hukin-2019-0005_ref_040]). The body mass changes and characteristics of players at individual stages of ontogenesis and sports training may show high interindividual variability. Differences in body mass between players of the same age category may be due to population differences.

In addition to body mass and height, anthropological analyses of elite basketball players should also take into consideration the circumference and width measurements, as well as the skinfold thicknesses, which provide additional information about a strong body build and adequate body musculature ([@j_hukin-2019-0005_ref_035]; [@j_hukin-2019-0005_ref_038]). In a study of 55 professional basketball players from Bosnia (age: 19.09 ± 3.13 years; body height: 189.13 ± 8.30 cm; body mass: 83.42 ± 12.48 kg), researchers described the distributions of subcutaneous fat tissue and reported skinfold thicknesses ranging from 10.07 to 17.91 mm. Regardless of the player's on‐court position, the highest amount of subcutaneous fat was found in the central part of the body trunk (abdominal skinfold), and the lowest amount was observed in the triceps skinfold ([@j_hukin-2019-0005_ref_034]). In our study, regardless of the basketball players' age, the lowest levels of subcutaneous fat were found in the biceps skinfold (ranging from 5.1 to 6.8 mm) and the pectoral skinfold (5.9--7.2 mm), while the highest levels were documented in similar body parts as in the study by [@j_hukin-2019-0005_ref_034], i.e., in the abdominal skinfold (10.6--14.5 mm) and suprailiac skinfold (9.3--11.9 mm). The observed distribution of subcutaneous fat is characteristic for individuals who play a sport in which high‐ intensity, dynamic work is performed by the upper limbs, and the largest accumulation of subcutaneous fat tissue is commonly observed in the central part of the body (body trunk). The distribution of body fat changes with subsequent stages of sports training. In the youngest athletes, total body fat may constitute a greater proportion of the total body mass, and with the processes of growth and intensive sports training in the male population, muscle mass increases, whereas the body fat decreases ([@j_hukin-2019-0005_ref_025]).

The present study revealed a significant similarity between the distribution of subcutaneous fat in Polish players and anthropometric characteristics of Spanish professional basketball players, who also, regardless of age, displayed the lowest amount of subcutaneous fat in the biceps skinfold and the highest amount in the abdominal skinfold ([@j_hukin-2019-0005_ref_040]). The study on elite Spanish basketball players revealed that youngest players had the lowest amounts of subcutaneous fat and that the amount of subcutaneous fat increased with age. On the other hand, among the best Polish players, the highest amount of subcutaneous fat was observed in U‐15 national team players, and this amount was greater than that of both the younger players from the U‐14 category and the older players from U‐16 to U‐20 national teams, regardless of which skinfold area was measured.

The thinness of the biceps skinfolds of basketball players is due to the specificity of the sport. The upper limbs perform dynamic work during games. Therefore, in the training process, athletes support themselves with strength training to increase the proportion of muscle mass to the total body mass. A large proportion of muscle mass to body mass contributes to improved playing efficiency during a game ([@j_hukin-2019-0005_ref_036]). Muscular and efficient upper limbs can contribute to more effective ball handling (throwing, passing, dribbling, and playing games with a ball), more effective plays when in contact with the opponent, and stronger screens.

The evolution of rules, techniques and tactics of play, which are fundamental parts of basketball training, has led to greater physiological and anthropometric differences between players from different age categories ([@j_hukin-2019-0005_ref_004]; [@j_hukin-2019-0005_ref_007]). Analysing these differences may help coaches predict the fitness levels and the physical capabilities of individual players. The multi‐ tasking activities performed by players during a basketball game require exceptional skills, and only those players with great abilities can achieve a high level of success. However, anthropometric characteristics including length, width and circumference measurements, as well as skinfold thicknesses, constitute a major factor in the selection of basketball players, and these characteristics can consequently determine the final success or failure of a team.

Conclusions {#j_hukin-2019-0005_s_005}
===========

The present study demonstrated that the anthropometric evaluation of body builds and body profiles may be a key tool for the selection and recruitment of players for basketball teams and, in older categories, for the appropriate selection of their positions on the court. Monitoring an individual's somatic build is important for the proper selection of players in each age category, and this process becomes especially important during the transition from the junior stage to professional basketball.

The second aim of our study was to estimate key anthropometric variables for the position selection of national players. Our study provides clear evidence that the positions listed in descending order according to players' body height and arm span are centers, forwards and guards. These results are evident not only with respect to players' calendar ages, but also with respect to players' maturity offsets. We found other differences in positions, but they did not increase linearly with all observed changes; the other results can be found at [https://onpecha.cz/basket/national.html](http://https://onpecha.cz/basket/national.html) Since these results are in accordance with our previous findings ([@j_hukin-2019-0005_ref_016]), we can recommend body height and arm span as useful variables for the selection of talented players for specific playing positions.

It should be emphasised that further research on this subject is required and that such studies should be expanded to include anthropometric analyses of the five different on‐ court positions and requirements related to particular positions, especially in the junior categories (U‐18 and U‐20). Results of this study may have a significant impact on the success of teams in basketball competitions at the professional level.
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